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Familial sensory autonomic
neuropathy with arthropathy
in Navajo children

Stanley D. Johnsen, MD; Peter C. Johnson, MD; and Stephen R. Stein, MD

Article abstract—Eight Navajo children had a neuropathy characterized by Charcot’s joints and unrecognized frac-
tures. Their reflexes were intact and they had normal strength. The sensory examinations in the group were variable.
Many had no discernible sensory deficit. Others had subtle deficiency in deep pain sensation, temperature discrimina-
tion, and corneal sensitivity. Electromyography and nerve conduction velocities were normal in the seven studied; how-
ever, sural nerve biopsy revealed a marked reduction in small myelinated and unmyelinated nerve fibers. This sensory
neuropathy, which we call “Navajo familial neurogenic arthropathy,” differs from the acromutilating sensory neuropa-
thy previously described by Appenzeller et al in Navajo children. It also differs clinically from a number of previously
reported cases of hereditary sensory autonomic neuropathies in non-Navajos. The disorder in these eight children
emphasizes the usefulness of pathologic investigation of the sural nerve in patients with Charcot’s joints with minimal

or no other neuropathic signs.

NEUROLOGY 1993;43:1120-1125

Appenzeller et al' described a sensorimotor neu-
ropathy in the Navajo population characterized by
acromutilation, corneal insensitivity, and scarring,
weakness, and scoliosis. This complex condition
with liver disease, encephalopathy, and myelopa-
thy appeared to have autosomal recessive inheri-
tance and was not present in nearby Native
American tribes.2 We describe another type of sen-
sory neuropathy, distinct from the neuropathy
described by Appenzeller et al, in Navajo children
with prominent Charcot’s joints and unrecognized
fractures.

Clinical features of patients with Navajo neuro-
genic arthropathy. Eight Navajo children from
three families all had similar clinical histories. All

parents were normal and also had normal children.
In one family, half-siblings were involved; however,
the half-siblings had the same father, and their
mothers were sisters. All parents denied consan-
guinity. The early development of all patients was
normal. They all reported no significant problems
until late in the first or early in the second decade
of life. However, review of Indian Health Service
records revealed that several had recurrent hospi-
tal admissions in infancy for unexplained high tem-
peratures. All but one had painless fractures, pri-
marily in weight-bearing joints. They also had
severe progressive arthropathy, mostly in the
knees and ankles, with prominent recurrent joint
swelling. Several required joint fusion; over 35
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Figure 1. Sural nerve biopsy from patient 1. The number
of small myelinated fibers are reduced as are the
unmyelinated axons and associated Schwann cells,
which, in this preparation, appear as light gray material
separating myelinated fibers. Epon-embedded, 1-um
section, paraphenylenediamine stain.

orthopedic procedures were performed on the
group. Three had only a foot deformity caused by
painless fractures, one had a severe lumbar verte-
bral fracture, and another had elbow involvement.
All had a history of heat intolerance and lack of
sweating, but only one had hyperpyrexia during
our evaluations. All children came from the
Arizona portion of the Navajo reservation.

The neurologic examination of the patients
revealed no motor weakness, coordination abnor-
malities, or alteration of tendon reflexes. Pupillary
responses to light were diminished in two.

Sensory abnormalities were difficult to elicit in
most of the patients. Only one patient clearly had
markedly decreased response to deep pain and
temperature discrimination, while others reported
no alteration of response to light touch, pin prick,
deep pain, position sense, and vibration sense. The
patient with obvious sensory loss was the youngest,
but had little clinical trouble. He was identified
because of an involved sibling and unexplained
fevers. The younger children were clearly inconsis-
tent in reporting possible sensory deficit, and even

the older teenagers also frequently gave varying
responses. Two other patients persistently reported
a decrease in response to Achilles tendon pressure,
and three reported decrease in corneal sensitivity.
The others reported no alteration of response to the
sensory modalities noted above. Three teenagers
were examined repeatedly, and minor alterations
in sensation were eventually identified. The most
consistent finding was a subtle but distinct defi-
ciency in discriminating temperature differences on
the extremities. Temperature differences below 3
°C could not be distinguished on the volar surface
of the forearm, whereas three normal controls con-
sistently distinguished 1.5 °C differences. No alter-
ation of temperature sensation could be defined on
the face. Review of the Indian Health Service
records revealed that four of the patients had been
evaluated by other neurologists and were stated to
have normal sensory examinations, emphasizing at
least the minimal nature of the sensory findings.

EMG, motor nerve conduction velocities, and
sensory latencies were normal in the seven
patients studied. For example, the range of the pe-
roneal nerve conduction velocities was 45 to 50
m/sec compared with our normal range of 40 to 65
m/sec. The sensory latencies were also normal from
both the sural and the median nerves. Sural nerve
biopsies performed on four patients from three
families were abnormal.

Illustrative cases. Patient 1. This 14-year-old boy pre-
sented with a prominent deformity of the dorsum of the
right foot that caused problems with fitting shoes. His
response to Achilles tendon pressure was diminished; no
other sensory deficit was elicited. The skin on the palmar
surface of the hands was obviously thickened. The neuro-
logic examination was otherwise normal.

On sural nerve biopsy, the endoneurial area was
reduced by one-half, but routine and special stains of
paraffin sections appeared normal. In 1-pm-thick, plas-
tic-embedded sections, the number of small myelinated
fibers was markedly reduced (figure 1). Total myelinated
fiber density was 8,240 fibers/mm? (figure 2), slightly
below our laboratory normal density of 12,000
fibers/mm? and below published norms.*6 Small myelin-
ated axons (<7 pm in diameter) comprised only 47% of
the total, compared with our normal of 65%. Teased
nerve fibers revealed no abnormalities. Immuno-
fluorescent microscopy revealed trace IgA, 2+ diffuse
IgG, 2+ subperineurial IgM, 1+ C3 which was subperi-
neurial and endoneurial, and 3+ endoneurial and peri-
neurial albumin. Many electron microscopic fields
showed virtually no unmyelinated nerve fiber profiles.or
denervated Schwann cell processes (figure 3), suggesting
the fibers had never developed. There were only 4,318
unmyelinated nerve fibers/mm?2, which is sharply
reduced from published normal ranges of 30,000 to
60,000 fibers/mm?2.347 The distribution was unimodal
and the peak occurred at 1 pm, which was in the normal
range (figure 4).5 Two other patients showed an identical
profile.

Six months later, he fell off a bull while competitively
riding. While he had no pain initially, he subsequently
developed pain in his legs and back. Spinal x-rays
revealed severe destruction of the fourth and fifth lum-
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Figure 2. Size distribution of myelinated fibers in sural
nerve. The histogram shows that for patient 1 there is a
reduced number of small myelinated fibers when
compared with a normal control. ((J) Normal density =
12,000/ mm? (66% < 7 um); (W) patient (M.C.) density =
8,240/ mm? (47% < 7 um). The numbers given compare
mean total density. The parenthetical numbers give the
percentage of the total density of myelinated fibers under
7 um, comparing a control with the patient.

bar vertebrae. A myelogram revealed a complete block at
the same level. Persistent painful back problems have
subsequently developed.

Patient 2. He was examined at age 20. He had a history
of severe destruction of his right knee and ankle, both
requiring fusion. The neurologic examination, including
a detailed sensory examination, was normal; however,
the patient was poorly cooperative for some aspects of
the examination. He died in a drowning accident thought
to relate to a seizure. No autopsy was performed. Prior to
death, a sural nerve biopsy had been done.

Unlike the previous case, the size of myelinated fibers
varied in some, but not all, nerve fascicles (figure 5).
Otherwise, fascicles were identical to those described
above. By electron microscopy, axonal sprouts were readi-
ly identified, and there were redundant Schwann cell
processes and stacks of empty Schwann cell processes,
indicative of fiber degeneration. Unmyelinated nerve
fiber density was 6,195 fibers/mm?; the peak was again
around 1 pm (figure 6).

Discussion. Although often ignored in reviews of
hereditary sensory autonomic neuropathy, the
acromutilating sensory neuropathy described by
Appenzeller et al! is well known to neurologists
and orthopedic surgeons who work with the Navajo
population. This Navajo neuropathy (NN) is char-
acterized by delayed childhood development sec-
ondary to a slowly progressive neuromuscular
weakness with atrophy and corneal ulceration with
scarring. Biting the hands early in life may lead to
infection, deformity, or self-induced digital amputa-
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Figure 3. Electron micrograph of sural nerve biopsy from
patient 1 reveals the absence of small myelinated fibers,
unmyelinated fibers, and denervated Schwann cell
processes between the myelinated fibers. The large
myelinated fibers and axons appear normal.

tion. Weakness, atrophy, areflexia, absence of
corneal reflex, corneal opacities, and diminution of
epicritic and gnostic sensations are present,
although expression may be variable and mild.
MRI,2 EMG, motor nerve conduction velocities, and
sensory latencies are usually abnormal.

In contrast, our patients had early normal devel-
opment with no serious problems in their first
decade. In their second decade, however, they
developed painless fractures of the feet or injuries
to the knees with intermittent joint suppuration
followed by severe progressive arthropathy.
Parents reported that the children did not sweat
and did not tolerate heat, buy only one had concur-
rent intermittent hyperpyrexia. However, hospital
records revealed others with early life hospitaliza-
tions for unexplained hyperpyrexia. They had bony
deformities and thickened skin of the palmar sur-
faces, but deep tendon reflexes and strength were
normal unless altered by a bony deformity. The
sensory examinations were variable in the group.
No sensory abnormality could be identified in some
of the patients. In one, clear loss of deep pain and
temperature sensation was noted. In others, there
were equivocal findings of depressed response to
Achilles tendon pressure, corneal sensation in two
patients, pupillary response in two patients, and
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Figure 4. Size distribution of unmyelinated axons in

sural nerve. The histogram demonstrates a sharp
reduction in the density of unmyelinated axons, with only
a few small axons remaining for patient 1 when

compared with a normal control. Cross-hatched bars
indicate normal range, the black bars indicate the
patient’s fiber density, and the clear area shows the
separation of the patient’s density from the normal range.

minor deficiencies in discriminating temperature
differences in the three so studied. There was no
correlation between the severity of the joint
involvement and the sensory examination. The
patient with the most obvious sensory deficit had
only hyperpyrexia. EMG, motor nerve conduction
velocities, and sensory latencies in the seven
patients so studied were normal. Because the
symptoms and findings differ markedly from NN,
the disorder is unique and we have come to refer to
it as “Navajo familial neurogenic arthropathy”
(NFNA), emphasizing the major clinical manifesta-
tion (table). ‘

The difference associated with nerve biopsies
further supports the distinction between NN and
NFNA. In NN there is a marked diminution of all
myelinated as well as unmyelinated fibers, with
evidence of degeneration and regeneration.! In con-
trast, large myelinated fibers were normal and
small myelinated and unmyelinated fibers were
markedly diminished in our patients (figure 1). The
sural nerve in patient 2 showed, in addition, evi-
dence of axonal loss and regeneration, perhaps sec-
ondary to proximal fascicular injury due to bony
deformities (figure 5). Immunofluorescent studies
reveal increased endoneurial plasma proteins con-
sistent with a leak in the blood-nerve barrier simi-
lar to the pattern in hereditary sensory motor neu-

Figure 5. Sural nerve biopsy from patient 2 shows for
some fascicles a wider range of myelinated fiber sizes
than was present in the other three patients. Smaller
fibers are often found in axonal sprouts (arrows). Epon-
embedded, 1-um section, paraphenylenediamine stain.

Table. Comparison of Navajo neuropathies

NN NFNA
Corneal insensitivity  Present Absent
Corneal scarring Present Absent
Acromutilation Present Absent
Hands Mutilated Thick skin
Weakness Present Absent
Reflexes Absent Present
Nerve conduction Slowed Normal
EMG Variable Normal
Scoliosis Develops Absent
Progression Weakness Orthopedic
.Hypohidrosis Absent Present
Nerve biopsy Loss of Decrease in

all fibers small myelinated
' and unmyelinated
fibers

ropathy type 1.? The overall histologic picture sug-
gests a congenital defect.

The presence of two distinct sensory neu-
ropathies in relatively large numbers in the small

June 1993 NEUROLOGY 43 1123
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Figure 6. Size distribution of unmyelinated axons in
sural nerve. Histogram for patient 2 has basically the
same pattern as seen in figures 2 and 4, but with slightly
more fibers. Cross-hatched bars indicate normal range,
the black bars indicate the patient’s fiber density, and the
clear area shows the separation of the patient’s density
from the normal range.

Navajo population (about 200,000) is unusual.
Neither neuropathy has been identified in the
Navajos’ Athapaskan relatives (the Apaches) or in
neighboring tribes of different ancestry.2
Inheritance is presumably autosomal recessive for
both NN and NFNA. We could not identify consan-
guinity.

It was felt that further investigation of the auto-
nomic sudomotor disturbance and the palmar
hyperkeratosis is indicated but has been thwarted
by patient and parental resistance.

Classifying NFNA relative to other hereditary
sensory autonomic neuropathies (HSAN) is diffi-
cult. The World Federation of Neurology classifica-
tion of hereditary and congenital neuropathies lists
seven subtypes of HSAN.?® Two of these subtypes
are relevant to the NFNA patients. Ouvrier and
McLeod!! maintain the nomenclature of Dyck!? and
call these two subtypes HSAN IV and HSAN V.
The patients of Swanson et al!3!* and others are
classified as type IV. Swanson et al described a
family of three boys who were mentally retarded,
insensitive to pain and temperature, with anhidro-
sis, severe temperature instability, thickened pal-
mar skin, and Charcot’s joints. Others!5!7 have
reported similar patients. Chatrian et al'® reported
a follow-up of the original patients on the progres-
sive nature of the arthropathy. In all cases, EMG

and motor nerve conduction velocities studies were
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normal.1*1® A sural nerve study of an HSAN IV
patient!® demonstrated that unmyelinated fibers
were virtually absent and small myelinated fibers
were decreased. There was no ultrastructural evi-
dence of axonal degeneration or regeneration. This
biopsy is essentially identical to three of our pres-
ent patients and differs slightly from patient 2,
who also exhibited axonal regeneration. Thus,
while NFNA patients lack all of the clinical fea-
tures of HSAN IV patients, their biopsies are the
same. Both groups have severe progressive
arthropathy and thickened palmar skin, while
NFNA patients lack the severe hyperpyrexia, overt
sensory loss, and mental retardation.

Low et al? reported a girl with recurrent ulcera-
tion of her extremities and degenerative arthropa-
thy of the ankles that began in her first year of life.
Her motor development was normal, as was her
physical examination, except for the loss of pain
perception in the lower extremities and forearms
and delayed temperature discrimination in the
feet. EMG and motor nerve conduction velocities
were normal. Nerve biopsy revealed a decrease in
the number of small myelinated fibers and a nor-
mal density of unmyelinated fibers (32,000/mm?).
Ouvrier and McLeod believe this to be the only dis-
tinct case of HSAN type V.!! Donaghy et al?! report-
ed a consanguineous Kashmiri family with clinical
and biopsy findings similar to HSAN V but with
the addition of prominent neurotrophic keratitis.
Dyck et al'?2 reported three patients with many clin-
ical similarities. These patients had a deficiency of
small myelinated fibers and, to a variable degree,
unmyelinated fibers. Dyck et al grouped their
patients with Low’s into HSAN V. NFNA has a
marked reduction of unmyelinated nerve fibers, in
contrast to the patients with HSAN V. The early
symptomatology, skin ulcerations, and obviously
abnormal sensory examination in the HSAN V
patients also contrast with NFNA.

Dyck et al?? reported several families who had
neurogenic arthropathy and recurring fractures with
“subclinical hereditary sensory neuropathy.”
Others?24 had previously described similar patients.
Although these patients had no overt neurologic
symptoms or signs, computer-assisted sensory exam-
ination of the tibial periosteum showed depressed
responses. Motor nerve conduction velocities were
slightly slow in 17%, sensory latencies were pro-
longed in 30%, and sensory amplitudes were
depressed in 40%. Biopsy findings varied: segmental
remyelination was present in a few but there were
no abnormalities of unmyelinated fibers in those
patients studied. While this apparently heteroge-
neous group of patients resembles ours clinically
with the paucity of sensory findings, the electrophys-
iologic testing and pathology are quite different.

In summary, patients with NFNA pathologically
resemble those with HSAN IV with a decrease in
both small myelinated and unmyelinated fibers on
sural nerve biopsy. The patients with NFNA are
less prominent in their sensory, autonomic, and

e
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mental symptomatology, while they both have
severe arthropathy. They differ clinically and
pathologically from the HSAN V patients. The
patients of Dyck et al??2 with subclinical sensory
neuropathy bear a superficial clinical resemblance,
but the group lacks distinct pathology for accurate
comparison.

NFNA patients emphasize the clinical need for
studying the sural nerve pathologically where a
subclinical sensory neuropathy is suspected. In this
circumstance, neither the clinical examination,
EMG, motor nerve conduction velocities, nor senso-
ry latencies suggested neuropathy. The bone defor-
mities with unrecognized fractures were the earli-
est sign. Although severe neurogenic arthropathy
was defined in these patients, no clinical or electri-
cal evidence for a neuropathy existed before biopsy.
While a painless damaged joint might compel con-
sideration of a neuropathy, pain can be an early,
prominent, and misleading symptom in neurogenic
arthropathy. In one series? of Charcot’s joints, 10
of 15 patients experienced pain as an early symp-
tom, albeit less than expected in relation to the
clinical findings. Thus, any unexplained destruc-
tive joint disease with juxta-articular or intra-artic-
ular fractures, with or without suppuration or pain,
should be considered as possibly neurogenic in ori-
gin. The causes of neurogenic arthropathy are
legion.?® The studies of these patients, along with
those of Dyck et al?? serve to emphasize the impor-
tance of a subclinical sensory neuropathy in the dif-
ferential diagnosis. The pathogenesm of the severe
destructive arthropathy in this and other sensory
autonomic neuropathies is speculative. The severe
progressive nature of the bone destruction in some
of our patients suggested a fundamental distur-
bance in vascular autonomic regulation. Further
elucidation of these mechanisms may prove of
value in clinical management.
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